
Ontario Health Technology Assessment Series 2009; Vol. 9, No. 4 

Fenestrated Endovascular 
Grafts for the Repair of 
Juxtarenal Aortic Aneurysms 

An Evidence-Based Analysis 

 
Presented to the Ontario Health Technology 

Advisory Committee March 2009 
 
 
 
 
 
 
 
 
 
July 2009 
 
 
 
 

 

 

Medical Advisory Secretariat 
Ministry of Health and Long-Term Care 

 



Suggested Citation 

This report should be cited as follows: Medical Advisory Secretariat. Fenestrated endovascular grafts for 
the repair of juxtarenal aortic aneurysms: an evidence-based analysis. Ontario Health Technology 
Assessment Series 2008;9(4). 
 
 
Permission Requests 

All inquiries regarding permission to reproduce any content in the Ontario Health Technology Assessment 
Series should be directed to MASinfo.moh@ontario.ca. 
 
How to Obtain Issues in the Ontario Health Technology Assessment Series 

All reports in the Ontario Health Technology Assessment Series are freely available in PDF format at the 
following URL: www.health.gov.on.ca/ohtas. 
 
Print copies can be obtained by contacting MASinfo.moh@ontario.ca. 
 
 
Conflict of Interest Statement 

All analyses in the Ontario Health Technology Assessment Series are impartial and subject to a systematic 
evidence-based assessment process. There are no competing interests or conflicts of interest to declare. 
 
Peer Review 

All Medical Advisory Secretariat analyses are subject to external expert peer review. Additionally, the 
public consultation process is also available to individuals wishing to comment on an analysis prior to 
finalization. For more information, please visit 
http://www.health.gov.on.ca/english/providers/program/ohtac/public_engage_overview.html. 
 
 
 
 
 
 
Contact Information 

The Medical Advisory Secretariat 
Ministry of Health and Long-Term Care 
20 Dundas Street West, 10th floor 
Toronto, Ontario 
CANADA  
M5G 2N6 
Email: MASinfo.moh@ontario.ca 
Telephone: 416-314-1092 
 
 
 
ISSN 1915-7398 (Online) 

F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4) 2 

ISBN 978-1-4249-9999-6 (PDF) 

mailto:MASinfo.moh@ontario.ca
http://www.health.gov.on.ca/ohtas
mailto:MASinfo.moh@ontario.ca
http://www.health.gov.on.ca/english/providers/program/ohtac/public_engage_overview.html
mailto:MASinfo.moh@ontario.ca


About the Medical Advisory Secretariat 

The Medical Advisory Secretariat (MAS) is part of the Ontario Ministry of Health and Long-Term Care. The 
mandate of the Medical Advisory Secretariat is to provide evidence-based policy advice on the 
coordinated uptake of health services and new health technologies in Ontario to the Ministry of Health 
and Long-Term Care and to the healthcare system. The aim is to ensure that residents of Ontario have 
access to the best available new health technologies that will improve patient outcomes. 
 
The Medical Advisory Secretariat also provides a secretariat function and evidence-based health 
technology policy analysis for review by the Ontario Health Technology Advisory Committee (OHTAC). 
 
The Medical Advisory Secretariat conducts systematic reviews of scientific evidence and consultations 
with experts in the health care services community to produce the Ontario Health Technology 
Assessment Series. 
 
 
About the Ontario Health Technology Assessment Series 

To conduct its comprehensive analyses, the Medical Advisory Secretariat systematically reviews available 
scientific literature, collaborates with partners across relevant government branches, and consults with 
clinical and other external experts and manufacturers, and solicits any necessary advice to gather 
information. The Medical Advisory Secretariat makes every effort to ensure that all relevant research, 
nationally and internationally, is included in the systematic literature reviews conducted. 
 
The information gathered is the foundation of the evidence to determine if a technology is effective and 
safe for use in a particular clinical population or setting. Information is collected to understand how a 
new technology fits within current practice and treatment alternatives. Details of the technology’s 
diffusion into current practice and input from practising medical experts and industry add important 
information to the review of the provision and delivery of the health technology in Ontario. Information 
concerning the health benefits; economic and human resources; and ethical, regulatory, social and legal 
issues relating to the technology assist policy makers to make timely and relevant decisions to optimize 
patient outcomes. 
 
If you are aware of any current additional evidence to inform an existing evidence-based analysis, please 
contact the Medical Advisory Secretariat: MASinfo.moh@ontario.ca. The public consultation process is 
also available to individuals wishing to comment on an analysis prior to publication. For more information, 
please visit http://www.health.gov.on.ca/english/providers/program/ohtac/public_engage_overview.html. 
 
 
 
Disclaimer 

F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4)  3

This evidence-based analysis was prepared by the Medical Advisory Secretariat, Ontario Ministry of Health 
and Long-Term Care, for the Ontario Health Technology Advisory Committee and developed from 
analysis, interpretation, and comparison of scientific research and/or technology assessments conducted 
by other organizations. It also incorporates, when available, Ontario data, and information provided by 
experts and applicants to the Medical Advisory Secretariat to inform the analysis. While every effort has 
been made to reflect all scientific research available, this document may not fully do so. Additionally, 
other relevant scientific findings may have been reported since completion of the review. This evidence-
based analysis is current to the date of the final literature search. This analysis may be superseded by an 
updated publication on the same topic. Please check the Medical Advisory Secretariat Website for a list of 
all evidence-based analyses: http://www.health.gov.on.ca/ohtas. 

mailto:MASinfo.moh@ontario.ca
http://www.health.gov.on.ca/english/providers/program/ohtac/public_engage_overview.html
http://www.health.gov.on.ca/ohtas


Table of Contents 

EXECUTIVE SUMMARY .................................................................................................................................................6 

BACKGROUND .............................................................................................................................................................10 
Clinical Need...........................................................................................................................................................10 
Target Population ....................................................................................................................................................10 
Juxtarenal Aortic Aneurysm....................................................................................................................................11 
Risk of Rupture of Abdominal Aortic Aneurysm ...................................................................................................11 
Prevalence of Juxtarenal Aortic Aneurysm.............................................................................................................12 
The New Technology ..............................................................................................................................................12 

Fenestrated Endovascular Stent Grafts ...............................................................................................................12 
Body of the Graft ............................................................................................................................................12 
Fenestrations ..................................................................................................................................................12 
Graft Materials...............................................................................................................................................13 

Stenting the Target Arteries................................................................................................................................13 
Risks Associated with Fenestrated Endograft.....................................................................................................14 
Life-Long follow-up ...........................................................................................................................................14 
Alternative Technology ......................................................................................................................................14 

Open Surgical Repair .....................................................................................................................................14 

LITERATURE REVIEW OF EFFECTIVENESS ................................................................................................................16 
Research Question...................................................................................................................................................16 
Primary Outcomes...................................................................................................................................................16 
Secondary Outcomes...............................................................................................................................................16 
Methods...................................................................................................................................................................17 

Inclusion Criteria ................................................................................................................................................17 
Exclusion Criteria ...............................................................................................................................................17 
Results of Literature Search................................................................................................................................17 

Results of Literature Review...................................................................................................................................18 
Grading the Body of Evidence............................................................................................................................18 

Results of Comparative Study: f-EVAR versus OSR..............................................................................................19 
Prospective Cohort Studies of f-EVAR for JRA Repair .........................................................................................19 

Mortality Outcomes ............................................................................................................................................22 
Visceral Arteries Events .....................................................................................................................................25 

Renal Events during the Procedure................................................................................................................25 
Renal Events During the follow-up ................................................................................................................25 
Mesenteric Events during the Procedure .......................................................................................................28 
Mesenteric Events during Follow-up..............................................................................................................28 

Aneurysm Related Outcomes .............................................................................................................................28 
Graft Related Complications ..............................................................................................................................31 
Secondary Intervention.......................................................................................................................................33 

Open Surgical Technique for Repair of JRA...........................................................................................................35 
Mortality Reported in OSR Studies ....................................................................................................................37 
Renal and Visceral Complications Reported in OSR Studies.............................................................................37 
Secondary Interventions Reported in OSR Studies ............................................................................................37 

Summary .................................................................................................................................................................41 

ECONOMIC ANALYSIS.................................................................................................................................................43 
Economic Literature Review...................................................................................................................................43 

F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4)  4

Health Systems Perspective - PATH Field Evaluation.......................................................................................43 



F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4)  5

Expenditure by One Toronto Hospital ....................................................................................................................44 
Ontario EVAR Program ..........................................................................................................................................46 

Estimate of the Number of f-EVAR Procedures in Ontario ...............................................................................46 
Ontario Cost Impact Analysis.............................................................................................................................46 

APPENDICES ................................................................................................................................................................47 
Appendix 1: Literature Search Strategy ..................................................................................................................47 
Appendix 2: Grade of Evidence ..............................................................................................................................48 

REFERENCES ...............................................................................................................................................................49 

 



Executive Summary 
Endovascular repair of abdominal aortic aneurysm (AAA) allows the exclusion of the dilated aneurismal 
segment of the aorta from the systematic circulation. The procedure requires, however, that the endograft 
extends to the healthy parts of the aorta above and below the aneurysm, yet the neck of a juxtarenal aortic 
aneurysm (JRA) is too short for a standard endovascular repair. Fenestrated endovascular aortic repair (f–
EVAR) provides a solution to overcome this problem by enabling the continuation of blood flow to the 
renal and visceral arteries through holes or ‘fenestrations’ in the graft. These fenestrations are designed to 
match the ostial diameter of the renal and visceral arteries. 
  
There are three varieties fenestration, small, large, and scallop, and their location needs to be customized 
to fit the anatomy of the patient. If the device is not properly designed, if the alignment is inaccurate, or if 
the catheterization of the visceral arteries is not possible, the procedure may fail. In such cases, 
conversion to open surgery may become the only option as fenestrated endografts are not retrievable.  
 
It is recommended that a stent be placed within each small fenestration to the target artery to prevent 
shuttering of the artery or occlusion. Many authors have noted an increased risk of vessel occlusion in 
unstented fenestrations and scallops.  
 
Once placed in a patient, life-long follow-up at regular intervals is necessary to ensure the graft remains in 
its intended location, and that the components have adequate overlap. Should the need arise, routine 
follow-up allows the performance of timely and appropriate intervention through detection of events that 
could impact the long-term outcomes. 

Alternative Technology 

The technique of fenestrated endovascular grafting is still in evolution and few studies have been with 
published mid-term outcome data. As the technique become more common in vascular surgery practices, 
it will be important to determine if it can provide better outcomes than open surgical repair (OSR). 
 
In an OSR approach, aortic clamping above one or both renal arteries, or above the visceral arteries, is 
required. The higher the level of aortic clamping, the greater the risk of cardiac stress and renal or visceral 
ischemia. During suprarenal or supraceliac aortic clamping, strain-induced myocardial ischemia may also 
occur due to concomitant rise in cardiac afterload and a decrease in cardiac output. Reports indicate that 
6% of patients undergoing surgical repair develop myocardial infarction. The ideal level of clamp 
location remains controversial with conflicting views having been reported.  

Method 

A search of electronic databases (OVID MEDLINE, MEDLINE In-Process & Other Non-Indexed 
Citations, EMBASE, The Cochrane Library, and the International Agency for Health Technology 
Assessment [INAHTA] database was undertaken to identify evidence published from January 1, 2004 to 
December 19, 2008. The search was limited to English-language articles and human studies. The 
automatic search alerts were received and reviewed up to March 23, 2009.  
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The literature search and automatic search update identified 320 citations, of which 13 met 
inclusion/exclusion criteria. One comparative study presented at an international seminar, five single-arm 
studies on f–EVAR, and 7 studies on OSR (one prospective and six retrospective) were considered for 
this analysis. 



To grade the strength of the body of evidence, the grading system formulated by the GRADE working 
group and adopted by MAS, was applied. The GRADE system classifies evidence quality as high (Grade 
A), moderate (Grade B), or low (Grade C) according to four key elements: study design, study quality, 
consistency across studies, and directness.  
 
A summary of the characteristics of the f–EVAR and OSR studies found through the literature search is 
shown in Table ES-1. 
 
 
ES-1. Patient Characteristics: f–EVAR Studies versus OSR Studies 

Technique 
Number of 
Patients 

Mean Age 
(Range), Years 

Aneurysm Diameter 
(Range),mm 

Mean Duration of 
Follow-up, Years 

f–EVAR  
(5 studies) 

274 
 

74 (72-75) 63 (59-68) 9.4-25.8 

OSR 
(7 studies) 

856: 
JRA: 675 
SRA: 136 
TAA: 45 

72 (67-78) 62 (50-70) 1-48 

JRA, Juxtarenal aortic aneurysm; SRA, Suprarenal aortic aneurysm; TAA, Thoracic aortic aneurysm 
 
 

Mortality Outcomes 

The pooled estimate for 30-day mortality was 1.8% among the f–EVAR studies and 3.1% among the 
OSR studies that reported data for the repair of JRA separately. The pooled estimate for late mortality was 
12.8% among the f–EVAR studies and 23.7% among the OSR studies that reported data for JRA 
separately.  
 

Visceral Artery Events Reported in f–EVAR Studies 

Renal Events during f-EVAR 
 
A total of three main renal arteries and two accessory renal arteries became occluded during the 
procedure. These were all due to technical issues, except one accessory renal artery in which the artery 
was intentionally covered. One patient required open surgery following the procedure.  
 
Renal Events During the follow-up 
 
A total of 12 renal arteries (12 patients) were found to be occluded during follow-up. In two patients, the 
same side accessory renal artery was also occluded. Four (1.5%) patients lost one kidney and five (2.3%) 
patients underwent dialysis, three (1.4%) of which became permanent.  
 
A total of 16 cases of renal artery stenosis (16 patients) occurred during follow-up. Eight of these were 
treated and eight were observed. Segmental renal infarcts were found in six patients but renal function 
was not impaired.  
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Mesenteric Events during f-EVAR 
 
Three mesenteric events occurred during the f-EVAR procedures resulting in two deaths. One patient 
developed bowel ischemia due to embolization of the superior mesenteric artery (SMA); this patient died 
13 days after the procedure from multiorgan failure. One patient died eights days after the procedure from 
mesenteric ischemia and bowel perforation. The third SMA event occurred during surgery with 
subsequent occlusion in early follow-up.  
 
Mesenteric Events during Follow-up 
 
During follow-up, five (1.8%) SMA occlusions/partial occlusions and one SMA stenosis were noted. 
Three of the five patients with SMA occlusion/partial occlusion remained asymptomatic and no further 
intervention was necessary. One patient underwent SMA bypass surgery and in two patients, the problem 
solved by SMA stenting. A summary of the outcomes reported in the f–EVAR and OSR studies is shown 
in Table ES-2. 
 
ES-2. Summary of Outcomes: Fenestrated Endovascular Graft Versus Open Surgical Repair for 

Treatment of Juxtarenal Aortic Aneurysm 
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Outcome f–EVAR OSR 

Pooled Estimate (Rate) 

30-day mortality  1.8 3.1 

Late mortality  12.8 23.7 

Permanent dialysis  0-2.5 0-3.5 

Loss of kidney 1.5 No report of kidney loss 
Incidence of post-op renal 

insufficiency: 14.4% 

Mesentric ischemia  3.3 2.9 

Aortic rupture  0 0 

Post-op cardiac complications  1.5 10.7 

Post-op pulmonary complications  0.7 13.4 

Post-op GI complications  0.7 5.9 

Aneurysm expansion  1.4 0 

Secondary intervention (Non-endoleak) 8.8 7.8 

Endoleak 
 
 
 
Endoleak required treatment  

Type I: 4 
Type 2: 16.8 
Type III: 1.8 
 
Type I: 2.9 
Type 2: 3.3 
Type III: 1.1 

N/A 

Graft migration 

Graft separation 

1.5 

0.7 

N/A 

Duration (Mean) 

Operation time (min) 240 287 

Hospital stay (days) 6 13 
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Summary 

Short- and medium-term results (up to 2 years) of f–EVAR for the repair of JRA showed that outcomes in 
f–EVAR series compare favourably with the figures for the OSR series; however, uncertainty remains 
regarding the long-term results. The following observations are based on low quality evidence.  
 
 F–EVAR has lower 30-day mortality than OSR (1.8% vs. 3.1%) and a lower late-mortality over the 

period of time that patients have been followed (12.8% vs. 23.7%).  

 There is a potential for the loss of target vessels during or after f–EVAR procedures. Loss of a target 
vessel may lead to loss of its respective end organ. The risk associated with this technique is mainly 
due to branch vessel ischemia or occlusion (primarily among the renal arteries and SMA). Ischemia 
or occlusion of these arteries can occur during surgery due to technical failure and/or embolization or 
it may occur during follow-up due to graft complications such as graft migration, component 
separation, or arterial thrombosis. The risk of kidney loss in this series of f–EVAR studies was 1.5% 
and the risk of mesenteric ischemia was 3.3%. In the OSR studies, the risk of developing renal 
insufficiency was 14.4% and the risk of mesenteric ischemia was 2.9%. 

 F–EVAR has a lower rate of postoperative cardiac and pulmonary complications. 

 Endoleak occurs in 22.5% of patients undergoing f–EVAR (all types) and about 8% of these require 
treatment. Most of the interventions performed to treat such endoleaks conducted using a minimally 
invasive approach. 

 Due to the complexity of the technique, patients must be appropriately selected for f–EVAR, the 
procedure performed by highly experienced operators, and in centers with advanced, high-resolution 
imaging systems to minimize the risk of complications.  

 Graft fenestrations have to be custom designed for each patient to fit and match the anatomy of their 
visceral arteries. Planning and sizing thus requires scrutiny of the target vessels with a high degree 
precision. This is important not only to prevent end organ ischemia and infarction, but to avoid 
prolonging procedures and subsequent adverse outcomes.  

 Assuming the average cost range of FEVAR procedure is $24,395-$30,070 as per hospital data and 
assuming the maximum number of annual cases in Ontario is 116, the average estimated cost impact 
range to the province for FEVAR procedures is $2.83M-$3.49M annually.   

 



Background 

Clinical Need 

Endovascular Aneurysm Repair (EVAR) has gained widespread acceptance for the treatment of 
abdominal aortic aneurysms (AAA). The results of a large randomized controlled trial (EVAR1 trial) (1) 
in which patients were suitable for both EVAR and open surgical repair (OSR) have shown a significantly 
lower 30-day mortality among patients who underwent EVAR compared to those who underwent OSR. 
(EVAR 1.7%, OSR 4.7%; odds ratio 0.35, 95% CI: 0.16-0.77; P=.009). However, the application of the 
EVAR technique is limited to patients in whom there is adequate healthy aorta below the renal arteries to 
provide an adequate proximal sealing zone. The presence of a short neck (<15 mm) at the proximal site is 
a contraindication for standard EVAR. Customized fenestrated grafts have thus been developed to allow 
the proximal sealing zone of the grafts to be placed in a healthier part of the aorta above the renal arteries. 
Known as fenestrated EVAR, or f–EVAR, this technology is enabling an expansion of the patient 
population, increasing the number that may be eligible for endovascular repair. 
 
A fenestrated endograft has holes or ‘fenestrations’ in its fabric that can be aligned and positioned in front 
of the renal and visceral arteries to preserve their blood flow and the flow of blood to their respective end 
organ. The f–EVAR procedure still, however, requires an acceptable sealing zone of 4 mm below the 
renal arteries. Shorter necks will require the use of a different graft called the “Branched Endograft,” 
which has pre-attached limbs or cuffs targeted for visceral vessels. 
 
The implantation of standard EVAR is a relatively simpler procedure, requiring accurate longitudinal 
placement of the graft. The f–EVAR procedure is more challenging as graft positioning requires both 
longitudinal and rotational alignment of the fenestrations with the target vessels. Any misalignment can 
lead to partial or total covering of the ostia of the target vessel (shuttering), resulting in reduced blood 
flow or occlusion. 

Target Population 

The target patient population for f–EVAR is primarily made up of those patients with infrarenal AAA at 
risk of rupture who are unsuitable for OSR due to the presence of significant comorbid conditions, and 
who are unsuitable for treatment with a standard EVA because of the presence of a short proximal neck.  
 
F-EVAR requires appropriate patient selection to identify those patients who will most likely benefit from 
the repair. Since deployment of a fenestrated endograft involves repeated manipulation of guidewires and 
catheters within the lumen of the aorta, there is the potential for disrupting friable plaques attached to the 
aortic wall. Therefore, significant atheroma or mural thrombus within abdominal segment of the aorta 
(working area) may be considered as a relative contraindication for f–EVAR. The turtuosity of the aorta 
and the anatomy of the iliac arteries are also important considerations for patient selection. The presence 
of narrow, calcified and tortuous iliac arteries has been considered as another relative contraindication for 
f–EVAR because the procedure requires an unobstructed access through these arteries. (2) 
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Juxtarenal Aortic Aneurysm 

By definition, a juxtarenal aortic aneurysm (JRA) is an infrarenal AAA that extends up to the renal 
arteries but does not involve these arteries (see figure 1). 
  
 

                                              
 
                                        Figure 1. Juxtarenal Aortic Aneurysm 
 
Reproduced from: www.vascularmanagement.com, with permission from Vascular Disease Management, HMP Communications. 
 

Risk of Rupture of Abdominal Aortic Aneurysm 

If an aneurysm is left untreated, it may rupture resulting in the death. Several factors contribute to the risk 
of rupture, the diameter of the aneurysm being the most important. The risk of rupture is significant if the 
diameter of aneurysm exceeds 5 cm. The correlation between the risk of rupture and diameter is, 
however, non-linear. A 4-5 cm aneurysm has an annual risk of rupture of 0.5% to 5%, whereas a 6-7 cm 
aneurysm has an annual risk of rupture of 10% to 20%. (3) These factors become important as the 
decision to perform a prophylactic intervention on asymptomatic patients must take into account the risk 
of mortality due the intervention compared to the risk of rupture. Generally, patients will have a survival 
benefit if the size of their aneurysm exceeds 5-5.5 cm. (3) 
 
A systematic review and meta-analysis of rupture rates of AAA with diameter of 5 cm or more in patients 
not considered for OSR was conducted by Powel et al. (4) The pooled rupture rate was 18.2 (95% CI: 
13.7-24.1) per 100 person years. There was a 2.5-fold increase (95% CI: 1.69–3.85) in rupture rate for 
patients with AAA 6 cm or larger versus those less than 6 cm. 
 
There are indications that patients with short infrarenal necks who are not anatomically suitable for 
standard EVAR carry a higher risk of rupture than those who are because of the extensive nature of the 
disease. This was also considered by Powel et al. who noted that patients with shorter aneurysm neck 
length appeared to have a higher rupture rate than those with longer aneurysm neck length. (4)   
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Prevalence of Juxtarenal Aortic Aneurysm 

The incidence of JRA reported by an institution minimally biased by tertiary referral was 15.5%. In this 
study (5), a 5-year retrospective review of all aortic surgeries was performed. Of 174 infrarenal aortic 
aneurysectomies performed, 27 (15.5%, 95% CI: 10.5% to 21.8%) involved the juxtarenal aorta. (5) 
 
In another study (6), 859 open surgical procedures were performed for repair of infrarenal AAA between 
June 1994 and December 2000. JRA accounted for 16% of all these procedures. 
 

The New Technology 

Fenestrated Endovascular Stent Grafts 

Body of the Graft 

Fenestrated endovascular grafts have three principal components, a proximal main body, a distal 
bifurcated main body, and a leg extension (see Figure 2). The proximal main body is implanted first and 
independently from the other two parts. This allows the physician to focus on accurate positioning of the 
graft and to align the fenestrations to the orifice of the branch target vessels. This feature also helps to 
minimize the likelihood of graft migration and helps the fenestrations to remain in their intended location. 
 
The body of the graft is fully stented with self-expanding stainless steel z-stents to provide stability with 
the radial forces of the stent helping the graft to stay in place. Barbs at the most proximal site of the graft 
then provide anchorage of the graft into the aortic wall. 
 
The standard EVAR has one joint overlap between the main body and the iliac extension leg, whereas 
fenestrated endografts have two overlaps, one between the proximal and distal main body, and one 
between the proximal main body and iliac extension leg. The two-piece main body has been incorporated 
into the design of the graft to enable independent alignment and orientation of the proximal and distal 
bodies. The manufacturer recommends two-stent overlap to provide more stability between the proximal 
and distal components. 
 
Fenestrations 

There are three basic types of fenestrations and all are designed to match the ostial diameter of the renal 
and visceral arteries. Small fenestrations, approximately 4–6 mm (width) by 4–8 mm (height) are used 
mostly for renal arteries and have no crossing stent struts (they are not large enough) and occupy only the 
space between stent struts. Large fenestrations with diameters between 9 and 12 mm are used mostly for 
the superior mesenteric artery (SMA) and are supported by a crossing stent strut to prevent them from 
collapsing. Thus this type of fenestration does not routinely require stenting. The third type of fenestration 
is a scallop, which is carved out of the proximal end of the fabric with a width of 10 mm and a height of 6 
to 12 mm. (7)  
 
The location of the fenestrations in each graft needs to be customized to fit the anatomy of each patient. 
(7) If the device is not properly designed, if alignment is inaccurate, or if the catheterization of the 
visceral arteries is not possible, the procedure may fail. In such cases, conversion to open surgery may 
become the only option as fenestrated endografts are not retrievable. (8)  
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Figure 2. Components of Fenestrated Endograft 

Reproduced from: Moore R, Hinojosa CA, O'Neill S, Mastracci TM, Cina CS. Fenestrated endovascular grafts for juxtarenal 
aortic aneurysms: a step by step technical approach. Catheterization & Cardiovascular Interventions 2007; 69(4):554-571. 
 
Graft Materials 

The fabric of the graft is composed of woven polyester and the stents are stainless steel. The barbs or 
hooks at the most proximal edge of the graft are uncovered. Radiopaque gold markers at the margins of 
the fenestrations are for positioning and orientation of the fenestrations during graft implantation. The 
margins of the fenestrations are also reinforced with a nitinol ring to prevent them from collapsing, to 
facilitate cannulation, and to reduce the time required for stenting the target vessels.  
 
 

Stenting the Target Arteries 

It is recommended that a stent be placed within each small fenestration to prevent shuttering or occlusion 
of the target arteries. Many authors have noted an increased risk of vessel occlusion in unstented 
fenestrations and scallops. (9) When implanted, the stent is positioned such that one-third of the device 
remains in the aorta and two-thirds into the target artery. The selection of a covered versus open stent has 
been a matter of controversy, however, the current trend is toward covered stents. There are some reports 
that open cell stents permit the fabric to pass between stent struts resulting in shuttering of the lumen, (2) 
though there are still advantages and disadvantages for both types. (10) Of note, stents that are currently 
being used to secure fenestrations have not been designed specifically for this purpose (2) and a stent 
specifically designed for this has yet to be developed. According to the manufacturer, target artery 
occlusion may result as a response to stent placement. Therefore, specific criteria have been established 
by the manufacturer with respect to pre-existing stenosis of the target vessel and have been listed for 
consideration during patient selection. 
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Risks Associated with Fenestrated Endograft 

Many of the risks associated with fenestrated endografts are similar to those for standard EVAR in
risk of death, embolization, endoleak, graft migration, and component separation. There are, however, 
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tery may lead to mesenteric ischemia resulting in end organs infarction 

 perforation) 

o a 

. Risk associated with the experience of the physician performing the procedure 

ay increase the 

 

ife-Long follow-up 

Life-long follow-up at regular intervals is necessary to ensure the graft remains in its intended location 
 have adequate overlap. Routine follow-up allows the performance of timely and 

appropriate interventions through detection of possible events that could impact the long-term outcomes. 

 

isceral 

 more 
challenging than surgical repair of infrarenal aneurysm (7) and is associated with greater morbidity and 

additional risks posed by the presence of fenestrations or design of the graft. These include: 
1. Risk of vessel occlusion/stenosis that may result in end organ ischemia or infarction (i.e. renal arterie

and SMA). Occlusion of the renal artery may lead to kidney loss and renal artery events during the 
procedure or during the follow-up may affect renal function and pose a risk of hemodialysis. 
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2. Risk associated with catheterization and the stenting target arteries (e.g. arterial
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prolonged procedure and its related consequences. The use of appropriate software for planning and 
sizing can minimize this risk. 
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5. Risk associated with prolonged exposure to x-ray radiation during the intraoperative imaging 

. Risk associated with the use of contrast agents during intraoperative imaging, which m6
risk of renal failure 

If the above risks are at an acceptable level, they can be offset by the benefit of providing an effective 
treatment for patients who would otherwise have limited (if any) choices for treatment. 
 

L

and that the components

 

Alternative Technology 

Open Surgical Repair 

The technique of f-EVAR is still evolving and few studies have published mid-term outcome data. As the 
techniques become more common in vascular surgery practices, it will be important to determine if it can
provide better outcomes than OSR. 
 
In an OSR approach, aortic clamping above one or both renal arteries or above the visceral arteries is 
required. The higher the level of aortic clamping, the greater the risk of cardiac stress and renal or v
is
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chemia. (11) The level of clamping will dictate mesenteric and renal ischemia duration and the type of 
repair. Because of the need for suprarenal or supraceliac aortic clamping, as well as the concomitant 
increase in cardiac afterload and decrease in cardiac output, strain-induced myocardial ischemia may 
occur. Reports indicate that 6% of patients undergoing surgical repair develop myocardial infarction. 
(6;11) The ideal clamp level remains controversial and conflicting views have been reported. (11)  
 
In addition to the abdominal incision, some patients may also require a small thoracic incision depending 
on a number of factors such as body size and complexity. In patients with severe COPD or other 
respiratory conditions, this can add to the risk of surgical repair of JRA. Surgical repair of JRA is
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cond, the higher extent 

mping and a 
ia that may result in end-organ ischemia and infarction. (12)  

mortality. (12) First, the higher clamp location places added strain on the heart. Se
of the aneurysm requires more operative dissection with a greater likelihood of blood loss and fluid shift. 
(12) Third, renal artery revascularization is more often required. Fourth, it requires aortic cla
period of renal or mesentric ischem



Literature Review of Effectiveness 

ow do outcomes of treatment with f–EVAR compare with those obtained with the gold standard of OSR 

 Technical success rate 

due to the procedure 

 Target vessels patency 

ation 

e 
Blood loss 
Contrast used 

 Hospitalization data 
ICU stay 
Hospital stay 
Fluoroscopy time 

 

Research Question 

H
in the treatment of patients with JRA? 
 

Outcome Measures 

Primary Outcomes 

 30-day mortality 

 Late mortality 

 Permanent dialysis 

 

Secondary Outcomes 

 Conversion to surgical repair 

 Renal events due to the procedure 

 Temporary dialysis 

 Mesentric events 

 Aneurysm expansion and rupture 



 Graft migration and component separ
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 Endoleak 

 Post-procedural complication 

 Secondary procedures 

 Operating room data 
Operation tim



Methods 

Published studies on f–EVAR meeting the inclusion criteria were selected from the search re
on the study characteristics, patient characteristics, perioperative data, primary and secondary treatment 
outcomes, and postoperative complications were abstracted. 
 

ince published studies of f–EV

sults. Data 

AR were single arm, the literature was searched to identify studies on 
 f–EVAR studies. In this review, the results of OSR 

by which the effectiveness and safety of f–
EVAR could be evaluated. The same inclusion/exclusion criteria were applied for OSR studies.  

riteria 

porting primary outcomes and most of the secondary outcomes selected for this review 

AR 

chnical aspects of the graft implantation 

ontain patient data 

 Sample size <15 

 Other anatomical location of aneurysm 
 

 In-Process & Other Non-Indexed 
itations, EMBASE, The Cochrane Library, and the International Agency for Health Technology 
ssessment [INAHTA] database was undertaken to identify evidence published from January 1, 2004 to 

d to English-language articles and human studies. The 
up to March 23, 2009. The search strategy is detailed 

S
OSR of JRA published during the same time period as
studies were considered as a historical comparison group 

 

Inclusion C

 Prospective studies that reported on f–EVAR procedure in patients with JRA  

 Studies re

 Studies published since 2004 

 Sample size ≥15 patients 
 

Exclusion Criteria 

 Retrospective studies on f–EV

 Studies reporting te

 Reports that did not c

 
Results of Literature Search 

A search of electronic databases (OVID MEDLINE, MEDLINE
C
A
December 19, 2008. The search was limite
automatic search alerts were received and reviewed 
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in Appendix 1.  
 



Results of Literature Review 

The literature search and automatic search update identified 320 citations, of which 13 met 
inclusion/exclusion criteria. One comparative study presented at an international seminar, five single-arm 
studies on f–EVAR, and seven studies on OSR (one prospective and six retrospective) were considered 
for this analysis (see Table 1). 
 
Table 1. Quality of Evidence of Included Studies* 

Level of Number of Eligible 
Study Design Evidence Studies 

Large RCT, systematic reviews of RCT 1 0 

Large RCT unpublished but reported to an international scientific meeting 1(g) 0 

Small RCT 2 0 

Small RCT unpublished but reported to an international scientific meeting 2(g) 0 

Non-RCT with contemporaneous controls 3a 1 

4a 0 

 

nference 4(g) 0 

Non-RCT with historical controls 3b  

Non-RCT presented at international conference 3(g) 1 

Surveillance (database or register) 

Case series (multisite) 4b 0 

Case series (single site) 4c 5 f–EVAR
7 OSR 

(1 prospective, 
6 retrospective) 

 

Retrospective review, modeling 4d 0 

Case series presented at international co

*RCT refers to randomized controlled trial; g indicates grey literature. 
 
 

Grading the Body of E idence v

g 

rade B), or low (Grade C) according to four key elements: study design, study 
uality, consistency across studies, and directness (details in Appendix 2). 

To grade the strength of the body of evidence, the grading system formulated by the GRADE workin
group and adopted by MAS was applied. The GRADE system classifies quality of evidence as high 
(Grade A), moderate (G
q
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Results of Comparative Study: f-EVAR versus OSR 

One study (13) was published in the form of abstract but was identified through the systematic search. 
Since  o  published study that compared the results of f–EVAR with those of OSR, it was 
includ udy was a prospective, concurrent, non-random  conducted in 
Alberta, Canada between September 2001 st 20 Table 2). In it, 45 pa   JRA 
underwent surgical or endovascular repair urys wenty nine patients underwent OSR and 16 
underwent f–EVAR. Five patients in the f-EVAR group and one in the OSR group were female. Patients 
in the f-EVAR group were generally older than patients in OSR group (Mean age 77.6± . 69.6±8) and 
had a significantly greater incidence of severe cardiac and pulmonary comorbidities and diabetes (P<.5). 
Forty three vessels were treated by f–EVAR.  
 
There were n  significant erences in 30 y mortality between the two groups. One patient in f–
EVAR group and two patients in OSR gro d ithin ys of treatment. O a  was lost 
in each g p. There were ee patients w ic colons in the f–EVAR gro d e the OSR 
group. One OSR group requi is. There was no type I endoleak but five types II and 
one type doleak was erved in the f–EVAR group. There were no significant differences in 
cardiac o om ations betwe he two groups (Table 3). There were also no significant 
differenc of ery, ICU sta r hospital stay (Table 4). 
 
The authors concluded that f–EVAR is fea e and iated with good technical success rates. They 
suggested that patients with severe comorb ted  f–EVAR fo RA the 
postoperative outcomes ar milar to OSR

Prospective Cohort Studies of f-EVAR for JRA Repair 

Five single-centre, single-arm prospective dies –E  were lished between 2004 and 
2009. (2 16) Sample sizes ranged fro 9 patients. Male patients predom d 

prised 84.7% of the st  popul . The m  age e p es ranged fr  72 
5 years. All of the stud includ atients with JRA, howev in the y b n
 thre ort lcerati wh in the study by Mu et al. ( 8 d
acoa a c a rysm. 

patie  included in th studie re considered to be at high risk for OSR and were unfit for 
arena andard EVAR  to sh eck. Endovascular repair for JRA was performed with a 
omiz a  Ze ® sten ft. nched gr was  b
hs et

tal o 6 vessels wer rgeted ug enestrations he m  numb f t d s  pe
ent r  from 2.3 to . The m ri  target vessels we nal ar s. 5 o  stu nd 
ent c

ies ech al succ ra  fro 0% . In the y by Kristmundsson 
l. (9) cutaneous a oach t m moral arteries was possible in 44 patients and in ni
ents surgical appro  to acc  became neces  to sec emostasis or adequ
er ex ity circulation. Conversion to gery was req d in on case for an improper 
t positi g that resu in nar ng o th renal arteries rum creatinine started to rise 
toperat d the patient unde nt op  on day 1
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Table 2. Comparative Study: Patient Characteristics (13)  

Technique 
Anato ion mical Locat

of Aneurysm 
Patients, 

No. 
Male/Female 

No. 
Mean Age 

± SD, Years 
Mean Aneurysm 

Diameter (Range), cm 
Targ

Renal artery 
et Vessels, reconstruction,          

NNo. o. procedures 

F–EVAR J 6 5.7 (4.9-12) 43 N/A RA 1 15/1 77.6±6 

OSR 
 

JRA 29 24/5 69.6±8 6.3 (5-7.6) N/A 40 

F–EVAR, Fenestrated end scular gr  OSR, Open surgical repa able; JRA, Juxtar ortic aneurysm 

mparativ y: Post-Operative 3) 

ova afting; ir; NA, Not applic enal a
 
 
 

CoTable 3. e Stud  Outcomes (1

Technique 
30-day m ity, ortal Di , alysis

No. (%) 
Vessel l  ost, Colonic Endoleak, Card Complication, iac Pulmonary 

No. (%) No. (%) Ischemia No. (%) No. (%) Complications, No. (%) 

F–EVAR 1 (6) 0 (0) 1 (6) 3 (18.8) Type I: 0 
Type II: 5 (31) 

 III: 1 (6) 

5 (31) 4 (25) 

Type

OSR 
 

2 (7) 1 (3.5%) 1 (3.5) 1  (3.5) N/A 10  (34) 3 (10) 

F
 

–EVAR, Fenestrated endovascular grafting; OSR, Open surgical repair; N/A, Not applicable 

 
 
Table 4. Comparative Study: Duration of Surgery and Hospital Stay (13) 

Mean Duration of Surgery Hospital Stay ICU Stay Fluoroscopy time Contrast used 
Technique ±SD, Min Mean ±SD  Days Mean (SD), Days Mean (SD), Min Mean (SD), mL 

F–EVAR 268±113 14.8±17.3 4 (8.5) 82.8 (37.9) 230.8 (45.7) 

OSR 
 

205±196 13±8 1.7 (2.7) N/A N/A 

F–EVAR, Fenestrated endovascular grafting; OSR, Open surgical repair; N/A, Not applicable 
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aTable 5. Fenestrated Endovascular Gr fting: Patient Characteristics and Number of Target Vessels 

Study 
Ye nar, Cou try 

Patients, 
No. Male/Female 

Mean Age ±SD 
(Range) 

Me san Aneury m 
D Diameter ±S   
(Range), mm 

Mean Infrarenal Aortic 
Neck Length ±SD 

(Range), mm 
T earg t 

Ves , . sels  No
Target Vessel per 

Patient 

Kristmundss
. 2009 (

en 

on et 
 

5
al 9)
Swed

4
 

72* (6   2.5 † 46/8 8-76) 60* (53-66) NR 134

Scurr et al. 
 (2) 

l et 
6 (14) 

Muhs et al.  
6 (15) 
Nethe

eve
4 (16) 

he Netherlan

2008
UK 

4
 

7
(53

117 
 

2.6 

O’Neil al
200
USA 

75 302 
 

200
The rl

38Ŧ N 87 

Verho n 
200
T

18 74 (6 ) 46 

5 41/4 

119 98/21 

 31/7 

16/2 

3* 
–85) 

±7 

R 

0-85) 

68* 
(55–100) 

65±11 
(46-102) 

NR 

59 (55-70) 

6* 
(0–13) 

8±4 
(3–18) 

NR 

7.8 (4-10

.  

ands 

et al. 

ds 

2.5 

.3 

.6 

2

2

*Rep d me lude er; Ŧ includes d rtic a  branched graft 
 

orte dian; †inc s 3 aortic ulc  8 thoracoab ominal ao neurysms and one



Table 6. Fen rated En ular Grafting: Procedural Outcomes est dovasc

Technical Success Rate Conversion to Open       
Study, Year % of Target Vessels Surgical Repair, No. 

Kristm n al., 2009 ( 90.1 0 undsso  et 9) 

Scurr et al., 2008 (2) 98.3 0 

O’Neill et al., 2006 (14) 99.7 0 

Muhs et al., 2006 (15) 94 
 

1 performed on day 1 
(due to malpositioning of the graft) 

Verhoe    100 0 ven et al., 2004 (15)

 
 
 
The mean duration of surgery varied across the studies, ranging from 166 to 350 minutes. In f–EVAR 
studie our patients required ICU stay. Two patients in the study by Scurr et al. (2) required ICU 
stay; one was the patient who died from multiorgan failure and the other was a patient with severe chronic 
obstructive pulm r D) who was discharged from hospital on day 4 and readmitted the 
follow lure. The patient stayed in ICU for 14 days and a tracheostomy was 
performed. In the study b e en et al. (16), two patients required ICU stay; one was for a one day 
precaution and the other had cardiac complications. 
 
The mean duration of hospital stay was about 6 days and consistent across the studies. While the 
comparative study (13) sho ed much longer hospital and ICU stays, this may have been the result of the 
inclus re pa nts w orbidities from serious cardiac and pulmonary conditions and diabetes.  

 m u g intraoperative imaging ranged from 30 to 78 minutes. One study (16) 
 p uoro py and reported a fluoroscopy time of 16 minutes, a considerably lower time than 
e r d by other st s. The mean volume of contrast agent used for intraoperative imaging 
ed  170 to 270 mL and mean blood loss during the procedure ranged from 450 to 600 ml (see 
le 

r o e

led f a lity was 1.8% in f–EVAR studies and 3.1% in OSR studies in which 
 w p r rep xtarenal aneurysm separately. (11;17-20) Late mortality rates in both f–
R SR studies w  much higher than 30-day mortality. Pooled estimate for late mortality was 

% –EVAR studies and 23.7%  OSR studies in which data were reported for repair of juxtarenal 
urysm separately. (17;18) 

–EVAR s ies, the cause  lat ath were mostly unrelated to the aneurysm repair. Only 2 late 
ths was re d to  cul neurysm repair; one was due to a redo surgery for infection and 
other was e r ism owever, this could not be determined for OSR because the causes 
te death  mo f the studies. 

n du o f ber of patients lost to follow-up, 30-day and late mortality rates are 
wn in b
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Table 7. Fenestrated Endovascular Grafting: Perioperative Data 

Study, Year 
Mean Duration of Surgery 

± SD (Range+), min 
Mean Hospital Stay 
± SD (Range), Days 

Mean Fluoroscopic 
Time ± nge), SD (Ra  Min

Mean Contrast volume 
Used ± SD (Range), mL 

Mean Blood Loss 
(SD, Range), mL 

Kristmundsson et al. 2009(9) 10-333) NR 250* (2 78* (59-108) 270* 600* (400-1,000) 

Scurr et al. 2008 (2) 350* (240-600) 6* (3-9

O’Neill et al. 2006 (14) 227±76 NR 

06 (15) 10–360) 5.9±2.8 (3 18

Verhoeven et al. 2004 (16) 166 (110-270) 6.4 (3-12) 16 (9-28) 0

0) NR 

56±22 

NR NR 

179±53 739 

Muhs et al. 20 192±65 (1 –12) 30±23 (5-85) 2±62 (80-400) 557±581 (100-2500) 

 (80-240) 450 (100-1700) 
(used pulse fluoroscopy) 

17

*Reported median; NR, Not reported 
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Table 8. Fenestrated Endovascular Grafting: Duration of Follow-up and Mortality Rate 

Study, Year 
Mean Duration of Follow-up 

± SD (Range), Months 
Lost to    

Follow-up, No. 
30-day Mortality, 

No. (%) 
Late Mortality, 

No. (%) 

Kristmundsson et al. 
2009 (9) 

25* (12-32) NR 2 (3.7) 
 1 due b d  
 1 due o n

cause e

 g

e

to trash em
to retroperit
d by a RA p

olization an
neal bleedi
rforation 

 MOF
g 

10 (18.5) 
 1 Due to massive bleeding

surgery for infection 
 9 unrelated to aneurysm r

durin

pair 

 redo 

Scurr et al.  
2008 (2) 

24* (1–48) 1 1 (2) 
 Due to  fi
 

e  
s  
e r

m air) 

O’Neill et al.  
2006 (14) 

19 (0–48) NR 1 (0.8) 
 Morbid at OPD 

develo s ed 
compli d nd MO
at 7th 

sm repair 

Muhs et al.  
2006 (15) 
 

25.8±12.7 (9–46) 0 1 (2.6) 
 At 8th m chemia

and bo o t of 
emboli gu
manip e sified a
ASA c

 repair 

Verhoeven et al. 
2004 (16) 

9.4 (1-18) NR 0 
lost kidney 

 MI  on the

ly obese p
ped an ileu
cations, die
day 

day due to 
wel infarcti
sm due to 
ulation (pati
lass IV) 

fth day 

ient with C
 and suffer
 of sepsis a

esenteric is
n as a resul
idewire 
nt was clas

5 (11) 
 1 due to atheroembolism l

MOF (patient had previou
and there was considerabl
in the wall of aorta) 

 4 unrelated to the aneurys

F 

15 (12.6) 
 All unrelated to the aneury

 

s 

4 (10.5) 
 Unrelated to the aneurysm

1 (5.5) 
 After 8 month patient who 

died due to metastatic 
adenocarcinoma 

ading
open
 athe

 rep

to 
repair 
oma 

*Reported median; ASA, American Society of Anesthesiologists; COPD, Chronic uctiv onary lure; RA, 
Renal artery; MI, Myocardial infarction; NR, Not reported 
 
 

 Obstr e Pulm Disease; MOF, Multi-organ fai



Visceral Arteries Events 

Renal Events during the Procedure 

A total of three main renal arteries a c ren me occluded during the 
procedure. These were all due to tec s pt, re  arter hich the artery 
was intentionally covered. One patie re urg t rocedure. This patient, in 
whom aft with one small renal a e as e sever osis of the left 
renal artery and narrowing of the rig a m i r ositioning causing bilateral 
renal artery narrowing. Serum creati t  po n n day tient underwent 
open s he ta and r   Th e ble olved but the 
right renal artery was co d after r n   bypass was also 
performed to restore the blood suppl e i n  fr eline of 70 
mmol/L to 176 mmol/L on day 3 bu e A  w mol/l. 
 
Renal Events During the follow-up 

A total of eries tients) were found to be lud ring low- o patients, the 
same side ena ur % nts  a ki  five (2.3%) 
patients un aly ree %) this ame p an
 
A total of eri is ( atients) urred during follow-up. Eight of these were treated 
and eig w ed tal al infarc e fo atie but renal function was not 
impair ws t ring the dur -up
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Table 9. Fenestrated Endovascular Grafting: Renal Events 

Study, Year During Surgery Post Surgery/Follow-up Clinical Consequence 

Kristmundsson et al. 
2009 (9) 

t of a 
re 

already 
ewire-

 
Case 2: Dissection in RA which was left 
untreated because completion angiography 
showed unaffected blood flow to the kidney. This 

was seen on 1 year CT 
can 

 
 
Cases 5-6: Two stented RAs showed significant 
stenosis on 1 year CT scan 
 

Cases 7-8: Two unstented RAs became partially 
covered by the stent graft fabric  

 
 

oplasty on 
both. Renal function did not decrease 

Cases 5-6: No treatment because one had 
nd in the other 

ase the kidney had shrunken and was non-
unctional 

 Case 1: RA was occluded due to placemen
Giant Palmaz stent during the primary procedu
to control type I endoleak while the RA 
ad a reduced blood flow due to a guidh

induced dissection 

resulted in RA occlusion 
 
Cases 3-4: Two stenosis 
s
 

 

Case 1: NR 
 
 
 
 
 
Case 2: NR 

 
 
Cases 3-4: Performed successful 
percutaneous transluminal angi

 

disseminated malignancy a
c
f
 
Cases 7-8: Caused no significant occlusion or 
stenosis during the follow-up period 

Scurr et al.                  
2008 (2) 
 

Case 1: One accessory RA that was 
erroneously stented occluded during 
surgery. The main RA was preserved. 
(Patient had 3 RAs at one side) 
 

Case 2: One RA stented with covered stent 
occluded unexpectedly 4 months after surgery 
 
 
Cases 3-8: Six patients developed segmental 
renal infarcts  
 

as no clinical sequelae 

ce of renal 
impairment 

Case 1: There w
Case 2: Patient lost kidney. However, serum 
creatinine remained stable at 94 umol/L 
 
Cases 3-8: None showed eviden

Verhoeven et al. 
4 (16) 

No renal event reported Case 1; 1 accessory RA and the same side main 
RA was occluded one month after the procedure 
due to inability to stent the RA at that side 

Case 1: Patient lost kidney. This patient died 
after 8 months due to metastatic 
adenocarcinoma  
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Study, Year During S ry urge Post Surgery/Follo  w-up Clinical Consequence 

O’Neill et al.  
2006 (14) 
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 cclu du
occu d

e he st it ve
d

 A oc o t-
e ogra

as w
nt it

r s 
e  th

A os

e
e

 
 
 

e

Case 1:
gain wir
 
Case 2:
dissecti
placem
disease
 
Case 3:
operativ

RA oc
 acce

1 RA o
on that 
nt of t
 RA 

One R
 angi

ed du
 RA f

ded 
rred 

ent w

clusi
phy  

 to inab
r stentin

e to 
uring 
hin a se

n on pos

y to 

rely 

Case 4: One RA w
when patient prese
 
Cases 5-10: Six mo
explanation was giv
 
Cases 11-22: 12 R

 sho
ed w

e RA
n by

sten

n to be occluded 
h a ruptured TAA 

were occluded (no 
e authors) 

is 

Cases 1-10: All demonstrated an increas
serum creatinine. Five ultimately underw
dialysis (3 permanent) 

Cases 11-22: 6 were treated and six wer
observed 

 in 
nt 

 

Muhs et al.              
2006 (15) 

 ositi  af
 owin b  

 ssor  w
n vere av n 
 
                       

s A
m e 
at

Cas  
ope t 
dist
perf
 
Cas
 
Cas
 
 

  Case 1:
resulted
 
Case 2:
intentio
surgery
            
 

1 malp
in narr

1 acce
ally co

oning
g of 

y RA
d to 

        

of the gr
oth RAs.

as 
oid ope

             

t 

           

Case 3: One acces
surgery and the sa
occluded 1 month l
 
 

ory R
e sid
er 

 was lost during 
main RA were 

e 1: Patient underwent open surgery
ning of the aorta to pull the endograf
ally. A renal artery bypass was also 
ormed to restore perfusion 

e 2: There was no clinical sequelae 

e 3: patient lost kidney 

and 

Total 4 lo
5 un anent)
1 m nt 
ope
2 R ed by 
perc y, 6 
by o
8 R

  st kidney 
derwent dialysis  (3 became perm

alpositioning of the graft underwe
n surgery 
A stenosis were successfully treat
utaneous transluminal angioplast
ther methods 

A stenosis were observed 

RA, Renal artery orted 
 
 
 

; NR, Not rep



Mesenteri ents dur the cedu

Three mes ric events occur du e f-E edu ulting in two deaths. One patient 
developed el em due to em tion rior nteric artery (SMA); this patient died 
13 days af he  fro ul n fai atie d eights days after the procedure from 
mesenteric hem we . The  wa essfully completed in this patient 
with the im ta raf nestr ena ies and on or SMA. There 
was no  and atent tio ogram. Au d a patent 
SMA; rs h c isc  ha n secondar lic event due to 
guidew u w st tie  a pre-operative ejection fraction of 
23% a m ignif eri  bleeding e ocardial 
infarct r fe  no ial infections at bladder and lung 
sites, a s r at ass s American
Anesth s
 
The third SMA event occurred during surgery with subsequent occlusion in early follow-up. This patient 
had relativ narrow calc  iliac arteries causing the device to twist its way to the aorta; there was also 
an issue of a previous graft. The com o  two problems contributed to a less than ideal 
positioning at the comp  angi  orifice of SMA with scallop was shown to be 
partially sh d. Furt pts to solve the em by deploying a stent were unsuccessful and the 
vessel occ shortly rtuna did not develop bowel ischemia and remained 
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enteri ts dur w-u

ing fol p, five A cclusions an e SMA stenosis were noted. 
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os ted ot . The upper margin of the graft fabric was 
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 causing SMA ischemia. The patient was treated by retrieval of one stent and replacement with a 
er stent. The patient remained asymptomatic after the intervention. 

ne pat abric m ial caused a mesenteric ischemia. The problem was 
ed by ting the SMA and there was no ev nce of restenosis after the intervention. 
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Table 10. Fenestrated Endovascular Grafting: Superior Mesenteric Artery Events 

Study During Surgery At follow-up Clinical Consequence 

Kristmundsson et al. 
2009(9) 

Case 1: ses 2-4: Three SMAs occluded du  the 
w-up; all had scallop 

unstented 

Case 1: Patient developed wel ischemia and 
 from MOF on 13th day 

Cases 2-4 remained asymptomatic and no 
further intervention was ne sary 

One SMA embolization  Ca
follo

ring
and were died

 

 bo

ces

Scurr et al. 
2008 (2) 
 

Case 1: 

had a previous EVAR and had calcified 
iliac arteries which both caused the 
device t

A was partially occl d 
e to 

endograft. A web-like 
within the stent  

Case 1: Patient remained mptomatic due to 
llateral arteries 

Case 2: Patient underwent SMA bypass surgery. 
There was no clinical sequ e 

One SMA occluded due to 
malrotation of the endograft. Patient 

Case 2:  One SM
most probably du

o twist its way into the aorta  

ude
distal migration of the 
stenosis was noted 

good co
 

asy

ela

O’Neill et al.  No SMA event Case 1: One SMA stenosis 
following the procedure causing persistent 
post-prandial abdominal pain. Fabric 
material was obstructing the SMA origin 

Case 1: Patient was treated by stenting SMA 
and there was no evidence of re-stenosis after 
intervention 

2006 (14) 
reported within 30 day 

M
2

uhs et al. 
006 (15) 

Case 1: One mesentric ischemia 
 

Case 2: One patient had kinked stent graft 
at SMA causing partial occlusion and 
mesenteric ischemia  
 

Case 1: Patient died at 8th day due to mesenteric 
ischemia and bowel infarction probably as a 
result of embolism due to guidewire manipulation 
(patient was classified as ASA class IV) 
 
 
Case 2: This case was successfully treated and 
patient remained asymptomatic after intervention 

Verhoeven et al. 
2004 (16) 

No SMA event reported No SMA event reported N/A 

Total 3 6 2 died 
3 were successfully treated 
4 remained asymptomatic 

RA, Renal artery; SMA, Superior mesenteric artery; N/A, Not applicable; ASA, American Society of Anesthesiologists; MOF, Multi-system organ failure 
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Table 11. Fe n ascular Grafting: eurynestrated E dov An sm Outcomes 

Study, Year Ch  in Aneurysm Size anges Aneurysm Expansion, No. Aor upt otic R ure/Dissection, N . 

Kristmundsson  ≥5 mm in 47% at year 1 
Increased ≥5 mm in 3% 
Remained stable in 50% 

1 
(due to type II endoleak) 

 

 et al., 2009 (9) Decreased 0 

Scurr et al., 2008 (2) All were stable or shrinking 0 0 

O’ et 6 ( ean eurys ze eased 15 mm in 3 y  
y ole ati

fused

Neill al., 200 14) M  an m si decr ears 1 
pe II end

 inte
(due to t

re
ak; p
tion)

ent 
rven  

0 

Mu 06 (15) 
 

Decre sed si an r 
then remain (due to t

hs et al., 20 a gnific
stable 

tly during the first yea and 
ed 

2 
ype II endoleak) 

0 

Ve , 2 R rhoeven et al. 004 (16) N 0 0 

NR  
 
 
 

, Not reported



Graft Related Complications 

Type I endoleaks occurred in 11 (4%) of patients; two were resolved, one was observed, and eight (2.9%) 
 II e ) ve

I endoleaks o
bserved, an  (1.1%) w ted. Table marizes the rate a of 

viewed and Tabl marizes ll occurrence of e ks. 

 Fenestrated E ular Gr te and ndoleaks 

were treated. Type
(3.7%) were treated including o

 endoleaks occurr
ne laparatom

d in 46 (16.8%
y. Type II

patients; 14 resol
ccurred in fiv

d, 22 were observed, and 10 
e (1.8%) patients; one 

resolved, one o d three ere trea  12 sum nd fate 
endoleaks in the re  studies e 13 sum the overa ndolea
 
 
Table 12. ndovasc afting: Ra Fate of E

Study, Year Endoleak, No. Treatment of Endoleak Clinical Outcome 

Kristmundsson et al. 
2009 (9) 

Type I: 3  1 resolved 
 2 were treated 

 Resolved 

 Type II: 13  9 resolved  9 resolved and 2 were treated 

 Type III: 1  ons due to 
 control 

  
  

 N/A  N/A

 2 were treated 
 2 NR 

 Not treated  Patient died from complicati
bowel ischemia prior to any
angiography 

Scurr et al. Type I: 0
2008 (2) 

  

 Type II: 4 (8.9)   No treatment ed to be observed 

 Type III: 0  N/A 

200
 I: 7 (5.9)  1 r y 1 month 

 4 u ent secondary 
procedures prior to discharge 

 1 underwent secondary 
procedure after 12 months 

 1 treated by coil embolization 

 Did not recur 
 All 4 resolved and did not recur 
 Resolved and did not recur 
 NR 

 
 Resolved or continu

 
 N/A 

O’Neill et al.  
6 (14) 

Type esolved b
nderw

 Type II: 19 (16) 
 

 4 were treated  No sequelae resulted from type II 
endoleaks 

 Type III: 4 (3.4)  3 were treated 
 1 was not treated 

 Resolved and did not recur 
 Resolved within 1 months and did not 

recur 

Muhs et al.  
2006 (15) 

Type I:1 (2.6) 
 

 Observation  Further investigation was considered for 
this patient 

 Type II: 7 
(18.4) 

 2 were treated  NR 

 Type III: 0  N/A  N/A 

Verhoeven et al. 
2004 (16) 

Type I: 0 
 

 N/A  N/A 

 Type II: 3 
(16.7) 

 1 was treated 
 1 was not treated 
 1 underwent laparatomy  

 Resolved 
 Resolved 
 Patient recovered well from laparatomy 

 Type III: 0  N/A  N/A 
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Table 13. Summary of Endoleak Data 

Endoleak, No. (%) Resolved, N (%) Treated, N (%) Observed, N (%) Underwent Laparatomy, N (%) 

Type I=11 (4%) 2 (0.7) 8 (2.9) 1 (0.36) 0 (0.0) 

Type II=46 (16.8%) 14 (5.0) 9 (3.3) 22 (8.0) 1 (0.4) 

8%) 1 (0.36) 3 (1 0 (0.0) 

otal=62 17 (2  (38.7 ) 

Type III=5 (1. .1) 1 (0.36) 

T 7.4) 20 (32.3) 24 ) 1 (1.6

 
 
 

ncy ranged from 92% to 97.8% across the reviewed studie here were four cases of 
arated (see T

 
Table 14. Fenestrated Endovascular Grafting: Graft-Related Outcomes  

Primary vessel pate s. T
graft migration and two cases in which graft co
 

mponents were sep able 14). 

Study, Year 
Primary Vessel Graft Migratio       n/Component     

Patency, % Separation, No. 

Kristmundsson et al., 2009 (9) 96 0 

Scurr et al., 2008 (2) 96.6 
 

Migration: 3 
Component separation: 1 

’Neill et al., 2006 (14) 96.7 Migration: 1 O
 Component separation: 1 

Muhs et al., 2006 (15) 92 0 

Verhoeven et al. 2004 (16) 97.8 0 
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Secondary Intervention 

A total of 24 (8.8%) secondary procedures were performed across the studies. In addition, 20 (7.3%) 
procedures wer fter f–EVAR for the treatment of endoleaks (see Table 15). 
 
Table 15. F e vascular Grafting: Secondary Interventions 

e performed a

strated Endoen

Study, r Yea  Secondary Intervention,  No. 

 For Treatment of Endoleak, No. For Other Reasons, No. 

Kristmundss T
Type II: 2 

3 on et al., 2009 (9) ype I: 2 

Scurr et al., 2008 0 6 

O’Neill et al., 200 Type I: 6 
Type II: 4 
Type III: 3 

12 

s e  2006 Type II: 2 2 
(one was open surgery) 

oe et al., Type II: 1 
(Laparatomy) 

1 

20 (7.3%) 24 (8.8%) 

 (2) 

6 (14) 

 (15) 

 2004 (16) 

Muh

Verh
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t f– A c  complications included two myocardial infarctions (MI), one of which resulted in 
th, as well as one cardiac arrest and one case of at fibrillation. The patient who had a cardiac arrest 
ere om kidney damage afterward. The patient 
ica . 

y o ase o ke during hospital st  repo  and just two cases of pulmonary complications. 
 pa t wh pre-existing severe f  chronic pulmonary obstructive disease (COPD) was re-
itted to the hospital due atory e tient required 14 days of intensive care and a 
heostomy. The second patient had a minor MI an veloped pneumonia. 

sti omp tions other tha elated to SMA occlusion or stenosis were similarly infrequent. 
 ca f bow rforation du ncidental benign tumour was reported. The patient required a 
he lecto d colostom  5. Other co lications included two cases of ischemia in the 
 on c  due to sten mon oral artery (caused by a suture). This patient was 
ted  d  1  the other ischem  causing 
ptoms in the buttock that resolved in one week. 

 postop mplications encountered in the reviewed studies are summarized in Table 16. 

EV R ardiac
rial 
who developed atrial fibrillation was treated with 

rted

e pa
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erative co



T e 16. F ated vasc rafti erativ mp o in Otherabl enestr  Endo ular G ng: Postop e Co licati ns  Organs 

Study, Year Cardiac, No. Pulmonary, No. Stroke, No. Intestinal, No. Other, No. 

Kristmundsson l., 2009 NR NR 0 hemi et a (9) NR 1 isc a in the leg 

Scu
 

O’N

Muh
 

Ver

Tot

rr et al., 20 2) 1 (die e to MI 
on day 5) 

1 (p nt had 
severe COPD) 

1  
(in hospital) 

1 bow rfora
incide  benig
(T
colect . The
evide of bo

cros
ness c
ved  
is ca
ded r

eill et al., 2006 (14) 0  0 0 

s et al., 2006 (15) 1 cardiac arrest 
that resulted in 
kidney da e 

0 0 0 

w
0 

a 4 2 1 

08 ( d du atie el pe
ntal

his required 
omy
nce 

tion due to 
n tumour.  

a left hemi-
re was no 
wel ischemia) 

1 Ne
weak
resol
(In th
occlu

0 

0 

0 

2 

is of the left buttock 
 of the left leg whi

within one week.   
se, the endograft 
the internal  iliac a

and 
h 
    

tery) 

0

mag

hoev

l 

en et al., 2004 (16) 1
1
 M
 A

I 
F 

1
p
 pne
atie

um
nt 

oni
ho 

a i
ha

n 
d MI 

0 

1 

NR indicates not reported; COPD, Chronic Obstructive Pulmonary Disease; MI, Myocardial infarction; AF, Atrial f
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ibrillation 



Open Surgical Technique for Repair of JRA 

A total of 856 patients were inc R s study
y, while the other e. ad two 

comparing the results of surgical repair according to the location of the aneurysm. Approximately 80% of 
male. The mean aneurysm sizes amo udies ranged f

study and patient characteristics are summarized in Table 17 and the perioperativ  

 
The mean number of blood units tra erioperative  1.2 to 4.8 uni

n time for JRA repair among th s ranged from 21 inutes. 
ean length of hospital and ICU stay after surgical repair of JRA in was recorded in two studies 

tients w . In these the mean hospital stays were 1 nd 
the mean ICU stays were 4.6 and 6.2 days. In a third study, length of hospital stay was reported separately 

 repair, with a reported a median duration of hospital stay of 8 d n 

Table 17. OSR: Patient Characteris

luded in seven OS tudies. (11;17-22) One  (19) was conducted 
prospectivel  six were retrospectiv  Some of these studies h or three arms 

the study population was ng st r
e data are summarized in
om 59 to 70 mm. The 

Table 18. 

nsfused p ly ranged from ts in the OSR 
studies. The mean operatio
The m

e OSR studie 5 to 319 m

(11;18) that included only pa ith JRA 6.7 and 24 days, a

for patients with JRA
ICU stay of 3 days (see Table 19).  

ays and a media

 
 

tics 

Male/ M neurysm ean A
Study 

Study, Year Design Patients, No. 
Female, Mean Age ± SD  Diameter ± SD 

No. (Range), Years (Range), mm 

Knott et al. 2008, 
SA (11) 

Retrospective 126 
(a

98/28 73.6*              NR 
U ll JRA) 

All elective 
(55-93) 

Pearce et al. Retrospective All: 150 

Urgent: 16 

108/42 All: 70.8±8 
JRA: 71±8 
RA: 69.1±8.2 

All: 59±13 
JRA: 59±12 
SRA: 56±15 

Ockert et al. 2007, 
y (18) 

Retr RA
t: 2 

e 21 

RA: 8 
lective 

        60 (4 0) 

West et al. 2006, Retros 47 
JRA: 204 
SRA: 43 
Urgent: 7 

       
(44

64 (30–114) 

Prospec 119 

SRA: 34 
nt: 4 (all JRA) 

 A
JRA ) 
SRA: 67.3 (61-81) 

58±  
50

Retrospective 158 
JRA: 78 

Urgent: 12 

2/26 71.  70

2007, USA (17) JRA: 134 
SRA: 16 S

German
ospective 35 (all J

Urgen
) 30/5 68.4 67 

Illuminati et al. 
2007, Italy (21) 

Retrosp ctive 
JRA: 13 
S

All e

17/4 78         
(76-89) 

8-11

USA (22) 
pective 2 203/44 73          

-96) 

Chiesa et al. 2006, 
Italy (19) 

tive 
JRA: 85 

Urge

NR ll: 67 (60-81) 
: 66.9 (60-80

0.7.2
±5.5 

67±5.5 

Back et al. 2005,  
USA (20) 

 13 1±7.1 ±14 

SRA: 35 
TAA: 45 

SRA, Suprarenal aortic aneurysm; JRA, Juxtarenal aortic aneurysm; TAA, thoracic aortic aneurysm; NR, Not reported 
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Table 18. OSR: Perioperative Data  

Study, Year 

Renal Artery 
Reconstruction, 

No. Procedures (%) 
Aortic Occlusion Time 

(mean, SD, Range), min 

Mean Renal/Mesenteric 
Ischemia Time 

(SD, Range), Min 

Knott et al. 2008, USA (11) 23 NR Renal: 22.5±10.3 (3-90) 
Mesentric: 9.3±12.7 (3-42) 

Pearce et al. 2007, USA (17) All: 50 
JRA: 35 
SRA: 15

All: 70* (36) 
JRA: 69* (36) 

All: 30* (18) 
JRA: 30* (16) 

 SRA: 82* (42) SRA: 42* (21) 

Renal: 23 (14-60) 
5) 

hiesa et al. 2006, Italy, (19) 20 (58.8) 
all SRA 

 JRA: 26.5±14.2 
SRA: 37.5±8 

3 patients with supraceliac 
or supra SMA clamp 

Ockert et al. 2007, Germany 
(18) 

17 (51.5) 45.3 (28-110) 30 (14-70) 

luminati et al. 2007, Italy (21) 8 SRA  Il
Mesentric: 19 (10-4

West et al. 2006, USA 62  Renal: 23.2±9.7 
Mesentric: 25.5±7.8 

C

In 8

Back et al. 2005, USA (20) JRA: 7 (9) 
SRA: 22 (63) 
TAA: 18 (40) 

NR NR 

*=Reported median; SRA, Suprarenal aortic aneurysm; JRA, Juxtarenal aortic aneurysm; TAA, thoracic aortic 
aneurysm; SMA, Superior mesenteric artery 
 
 
 
Table 19. Open Surgical Repair: Length of Hospital and ICU Stay 

Study 
Mean Operation time 

(SD, Range), Min 

Mean Hospital 
Stay (Range), 

Days 
Mean Length of ICU 
Stay (Range), Days 

Blood Transfused 
(SD, Range), Unit 

Knott et al. 2008 (11) 319 (91-648) 16.7 (3-86) 4.6 (1-64) 4.8 

Pearce et al. 2007 (17) All: 300* (120) 
JRA: 288* (113) 
SRA: 410* (176) 

All: 8* (6) 
JRA: 8* (5) 

SRA: 10* (7) 

All: 3* (3) 
JRA: 3* (3) 
SRA: 5* (5) 

NR 

Ockert et al. 2007 (18) 215 24 6.2 NR 

Illuminati et al. 2007 (21) NR 11 (9-16)  NR 

West et al. 2006 (22) 327 (75-648) 5.2 (2-72) 11.3 (2-372) 5.6 

Chiesa et al. 2006 (19) NR NR NR JRA: 1.2 (1-12) 
SRA: 2 

Back et al. 2005 (20) NR NR NR NR 

*=Reported median; SRA, Suprarenal aortic aneurysm; JRA, Juxtarenal aortic aneurysm; NR, Not reported 
 

F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4)  36



F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4)  37

Mortality Reported in OSR Studies 

The pooled e 0-day mortality after surgical repair of JRA was 3.1% (see Table 20). Only five 
studies were or data po g as  of  studies  not report mortalit r patients who 
underwent surgical repair for JRA separately from SRA. The most common causes o ortality at 30-
days were MI, pulmonary sepsis, MOF, and major bleeding. 
 
Late-m lity after surgical repair of JRA wa nly two reported data 
separa  for JRA. The pooled estimate for la ortality was calculated to be 23.7%. Causes of death at 
follow-up were not stated in OSR studies.  
 
It shou noted tha led e ate for 30-day mortality after OSR of JRA in this review is lower 
than th orta of 4. for AAA reported in the EVAR1 trial (1). 
 
In a recently published study  data on OSR and dovascular repair of 194,507 intact AAA were 
retrospectively analyzed. (23)  The authors reported an overall mortality rate (early and late death) o
4.5% for OSR of AAA over the years 2001 to 2005. 
 
 

Renal and Visceral Complications Reported in OSR Studies 

The ra f te o  and pe nt lysis across dies e  of JRA ranged from  to 
17% a % .  respec se e 2 Th tion t o developed renal 

fun a  ical rep  JR ge m 18%

 po %

o y In venti e ed  O udie

ondary interventions for do  reas  w rmed 7 ) patients  across thr
ies reporting RA pat see ble 2 h  estim or c iac, pulmonary, and 
rointestinal complications were 10.7%, 13.4%, and 5  respectively. For this calculation, only 
ies reporting postoperati omplications separately for JRA were considered (see Table 23). 
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Table 20. Open l Re on and Mo y Rate Surgica pair: Durati of Follow-up rtalit

dy, Year 
Mean Fol

Stu
l up, ow-

Months 
30-Day ity, No, %          Mortal              

(Caus of Death) es 
Late Mortality,                 

No. (%) 
Patient ivSurv al 

(%) 

Knott et al. 20              
0) 

                             
8) 

enic ry during sur y) 

R 1- 94 
3-years: 78 
5-years: 64 

08 (11) 48
(9-8

    1
(0.

 inju

     

ger

      N year: 

(Due to spl

Pearce et al. 2007 (1 17.9* All: 5 (3) 
JRA: 4 (3) 

(2 had  elo
re f ) 

All: 37 (25) 
JRA: 33 (25) 

4 (25

5-years: 69 7) 

SR
na
req

A: 
ry s
uir

1 (6
eps

ing 

) 
is,

acu
pul
ailu

mo
re 

 3 
te

of 
 di

5 d
aly

ev
sis

ped 
SRA: ) 

MI, 2
nal 

Ock
 

ert et al. 2007 (18) 28       
(8-9 (1 due to MI after postope bl ng,    

2 due to sceptic ) 

20) R        
6) 

    3 (8.6)Ŧ 
rativ

al MOF
e eedi       

7 ( N

Illum
 

inati et al. 2007 (21) 27       2 (9.5%) 
( t enter

7 (33) 
ted to  air 

N       
3) 

    
o acute mes ic ischemia) Unrela  the aneurysm rep

R 
(2-7 due 

We
 

st et al. 2006 (22) .5) 
(3 t t viscera a,     
2 t erative car est,      

d respir rrest) 

1 6 (2
candue 

due 
1 due to MOF

o  s
o in

ign
tra

ifi
op

 resulte

l is
diac
ator

che
 arr
y a

mi       
      

NR NR 

Chiesa et al. 2006 (19) 
 

NR 5 (4.2) 
JRA: 4 (4.7) 

(1 due to massive MI, 1 due to MOF,             
1 due to diffuse bleeding and coagulopathy,       

due to intestinal ischemia) 
1 (3) 
e with coagul thy
: 2 (1.2) 
 3 (75) 

 

SR
so
ect
rg

A: 
ciat
ive
ent:

 as
El
U

opa ) 

NR NR 

1 

(due to MOF

Back et al. 2005 (20) NR JRA: 2 (2.6) 
SRA: 4 (11.4) 

TAAA: 6 (13.3) 
(Causes: NR) 

NR 5- 0 years: 7

Total  14 (3.1) 40 (23.7)  

*=Reported median; Ŧ Reported in-hospital mortality; NR, Not reported; MOF, Multi system organ failure; SRA, Suprarenal aortic aneurysm 
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Table 21. Open Surgical Repair: Post-operative Renal and Mesentric Complications 

Study, Year Renal, No. (%) Mesentric Ischemia, No. (%) 

 Dialysis Rena tion l Dysfunc  

Knott et al. 2008 (11) T
Permanent: 1 (1%) 

22 (18%) 
 

3 (2%) 
One underwent sigmoid resection 
and colostomy 

emporary: 5 (4%) 

Pearce et al. 2007 (17) All: 1
JRA: 11 (8.2) 
SRA: 6

36 (
Acute tubul
All: 21 
JRA: 16 (12) 
SRA: 5

All: 5 (3) 
JRA: 3 (2) 
SRA: 2 (13) 

 Temp  
Discharged on 
dialysis

6 (17.1 1

Illuminati et al. 2007 (21)  0  3 tr
creatinine increase nteric ischemia 

( d) and 1 he  damage 

 al. 2006 (22) Temporary: 9 (4) 
 

All: 54 (22) 
 

5 (3 died) 

hiesa et al. 2006 (19) Temporary: 3 (2.5) 
JRA: 2 (2.3) 
SRA: 1 (2.9) 
Permanent: 4 (3.3) 
JRA: 3 (3.5) 
SRA: 1 (2.9) 

All: 19  
JRA: 10 (11.7) 
SRA: 9 (26)  
 

1 (patient died) 

Back et al. 2005 (20) Temporary: 
JRA: 0 
SRA: 1 (3) 
TAA: 7 16) 

All: 36 
JRA: 12 (15) 
SRA: 8 (23) 
TAA: 16 (36) 

JRA: 3 (4) 
SRA: 4 (11) 
TAA: 10 (22) 

7 (11.3) 

 (37.5) 

27) 
ar necrosis:  

(14)  

 (33) 

Ockert et al. 2007 (18) orary: 6 (17)

: 1 

)  (3) 

ansient serum 

 

3 
2 acute mese
patients die patic

West et

C

JRA, Juxtarenal aortic aneurysm; SRA, suprarenal aortic aneurysm; TAA, thoracic aortic aneurysm 
 
 
 
Table 22. Open Surgical Repair: Subsequent Procedures (Complication Related) 

Study, Year Subsequent Procedures, No. (%) 

Knott et al. 2008 (11) 3 (2.4) 

Pearce et al. 2007 (17) All: 16 (11) 
JRA: 13 (10) 
SRA: 3 (19) 

Ockert et al. 2007 (18) 7 (20) 

Illuminati et al. 2007 (21) 1 (7.7) 

West et al. 2006 (22) NR 

Chiesa et al. 2006 (19) NR 

Back et al. 2005 (20) NR 

SRA, Suprarenal aortic aneurysm; JRA, Juxtarenal aortic aneurysm 
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Table 23. Open Surgical Repair: Post-Operative Complications in Other Organs 

Study, Year 
Cardiac,             
No. (%) 

Pulmonary,       
No. (%) 

Gastrointestinal,    
No. (%) 

Stroke,            
No. (%) 

Knott et al. 2008 (11) MI: 7 (6) 14 (11) NR 1 (4
Arrhythmia: 10 (7.9) 

.8) 

Pearce et al., 2007 (17) All: 24 (16) 
JRA: 20 (15) 

All: 28 (19) 
JRA: 24 (18) 

N

SRA: 4 (25) SRA: 4 (25) 

Ockert et al. 2007 (18) MI: 1 (3) 8 (23) NR NR 

Illuminati et al. 2007 (21) 0 2 (9.5) NR NR 

West et al. 2006 (22) MI: 32 (13) 38 (16) NR NR 

Chiesa et al. 2006 (19) 4 (3.3) 
JRA: 4 (4.7) 

SRA: 0 

9 (7.5) 
JRA: 5 (5.9) 

SRA: 4 (11.7) 

All: 7 (5.8) 
JRA: 5 (5.9) 
SRA: 2 (5.8) 

NR 

R NR 

NR Back et al. 2005 (20) All: Cardiac and pulmonary: 65 (41) NR 
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Summary 

Short- and medium-term results (up to 2 years) R for the repair of JR wed that outcomes in 
EVAR series compare favourably with the figures for er, uncertainty remains 

regarding the long-term results. The following observations are based on low quality evidence.  

has lower 30-day mortality than OSR (1.8% vs. 3.1%) and a lower late-mortality over the 
f time that patients have been followed (12.8% vs. 23.7%).  

tential for the loss of target ve uring or after f–EVAR dures. Loss of a 
ssel may lead to loss of its respective end organ. The ri technique is 

mainly due to branch vessel ischemia or occlusion (primarily a nd SMA). 
Ischemia or occlusion of these arteries can occur during surgery d re and/or 

 or it may occur during follow-up due to graft complications such as graft migration, 
rterial thrombosis. The risk of kidney loss in this series of f–EVAR 

as 1.5% and the risk of mesenteric ischemia was 3.3%. In the OSR studies, the risk of 
iciency was 14.4% a e risk of mesenteric isc  was 2.9%. 

 of postoperative cardiac and pulmonary comp ns. 

 22.5% of patients under g f–EVAR (all types) and about 8% of these require 
t of the interventions performed to treat such endoleaks conducted using a minimally 

 to the complexity of the technique, p ust be appropriately selected for f–EVAR, the 
ghly experie s, and in centers with advanced, high-

resolution imaging systems to minimize omplications.  

ve to be custom de ach patient to match the anatomy of their 
visceral arteries. Planning and sizing thu crutiny of the target vessels with a high degree 
precision. This is important not only to organ ischemia and infarction, but to avoid 

ng procedures and subsequent adverse outcomes.  

able 24 presents a summary of the characteristics of the reviewed f–EVAR and OSR studies for 
comparison. Table 25 presents a summary of the outcomes reporte

able 24. Patient Characteristics: f–EVAR Studies Versus OSR Studies 

of f–EVA A sho
f–  the OSR series; howev

 F–EVAR 
period o

 There is a po ssels d  proce
target ve sk associated with this 

mong the renal arteries a
ue to technical failu

embolization
component separation, or a
studies w
developing renal insuff nd th hemia

 F–EVAR has a lower rate licatio

 Endoleak occurs in goin
treatment. Mos
invasive approach. 

 Due
procedure performed by hi

atients m
nced operator
 the risk of c

 Graft fenestrations ha signed for e
s requires s

prevent end 
prolongi

 
T

d in the f–EVAR and OSR studies for 
comparison. 
 
 
T

Patient,    Mean Age   Mean Aneurysm Mean Duration of Follow-up 
Technique No. (Range), Years Diameter (Range), mm (Range) 

f–EVAR 
(5 studies) 

274 
 

74              
(72-75) 

63                    
(59-68) 

9.4 - 25.8 

OSR 
(7 studies) 

856: 
JRA: 675 
SRA: 136 
TAA: 45 

72               
(67-78) 

62                    
(50-70) 

1 - 48 

JRA, Juxtarenal aortic aneurysm; SRA, Suprarenal aortic aneurysm; TAA, Thoracic aortic aneurysm 
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ersus OSR for the Treatment of JRA Table 25. Summary of Outcomes: f-EVAR V

Outcome  f–EVAR OSR 

 Pooled Estimate (Rate) 

3 1.8 3.1 0-day mortality  

Late mortality  12.8 23.7 

P

L

M

A

P

P

Post-op GI complications  0.7 5.9 

A

S 8.8 7.8 

E
 
 
 
E

G
Graft separation 0.7 

ermanent dialysis  0-2.5 0-3.5 

oss of kidney 1.5 No report of kidney loss 
Incidence of post-op renal 

insufficiency: 14.4% 

esentric ischemia  3.3 2.9 

ortic rupture  0 0 

ost-op cardiac complications  1.5 10.7 

ost-op pulmonary complications  0.7 13.4 

neurysm expansion  1.4 0 

econdary intervention (Non-endoleak) 

ndoleak 

ndoleak required treatment  

Type I: 4 
Type 2: 16.8 
Type III: 1.8 

 
Type I: 2.9 
Type 2: 3.3 
Type III: 1.1 

N/A 

raft migration 1.5 N/A 

 Duration (Mean) 

Operation time (min) 240 287 

Hospital stay (days) 6 13 

 
 
 
 
 



Economic Analysis 

43 

Economic Literature Review 

ed.   Several 
conomic studies on  standard EVAR were identified (24-28) including the Program for Assessment of 

Technologies in Health (PATH) field evaluation on EVAR versus OSR. (29) 
 

Health Systems Perspective - PATH Field Evaluation 

From the PATH report, current costs associated with standard EVAR were identified. (29;29)  An expert 
in the field was consulted and resource utilization was confirmed to be similar for both EVAR and f-
EVAR from a health systems perspective (personal communication, clinical consultant, March 2009). F-
EVAR, however may require more tests and procedures than EVAR, so costs may be higher than what is 
reported here. Table 26 describes the resources associated with f-EVAR (assuming a similar resource 
utilization to EVAR) in the first year of follow-up after surgery from a health systems perspective. Costs 
are reported in 2006 CAD$.  The details of the study can be found in the PATH report. (29) 
   

 

Disclaimer: The MAS uses a standardized costing methodology for all of its economic analyses of 
technologies. The main cost categories and the associated methods from the province’s perspective are 
as follows:  
 
Hospital: Ontario Case Costing Initiative cost data are used for all in-hospital stay costs for the 

CD-10) diagnosis codes and Canadian 
ments may need to be made to ensure 

the relevant case mix group is reflective of the diagnosis and procedures under consideration. Due to 
in rect costs in hospitals associated with a particular diagnosis or 

retariat n ults to considering direct treatme nly.  

clud s costs obtained from the Ontario Schedule of Benefits 
sician fees, laborat rio Laboratory Schedule of Fees, device costs from the 

drug costs from the Ontario Drug Benefit formulary 

: For all cost- alyses, a discount rate of 5% is used as per the Canadian 
 for Drugs and Technolo

Downstream costs: All costs reported are based on assumptions of utiliz unding, 
and other factors. These may or may not be realized by the system or individual institutions and are 

 is 
used, an explanation has been given as to the reasons, the assumptions, and the revised approach. The 

designated International Classification of Diseases-10 (I
Classification of Health Interventions procedure codes. Adjust

the difficulties of estimat g indi
procedure, the sec ormally defa nt costs o
 
Nonhospital: These in e physician service
for phy ory fees from the Onta
perspective of local health care institutions, and 
list price.  
 
Discounting effectiveness an
Agency
 

gies in Health.  

ation, care patterns, f

often based on evidence from the medical literature. In cases where a deviation from this standard

A literature review was conducted and no economic analyses on f-EVAR were identifi
e

F-EVAR for the Repair of Juxtarenal Aortic Aneurysms – Ontario Health Technology Assessment Series 2009;9(4) 

economic analysis represents an estimate only, based on assumptions and costing methods that have 
been explicitly stated above. These estimates will change if different assumptions and costing methods 
are applied for the purpose of developing implementation plans for the technology. 



The costs of f-EVAR devices and stents were included in the total cost.  As per communication with the 
clinical consultant, the average cost of a fenestrated graft is $19,000 (personal communication, clinical 
c  can be f omized to include more branches thus increasing the 
p , the cos will also increase the total cost per patient, a cost that  
hospitals are currently absorbing. The average cost of one stent is $2,900 as per communication with its 
m personal communication, man cturer of stent, March 2009). The cost of two stents was 
included in  one hospital; however, the number of stents does vary based on 
t atient. 
 
Table 26.  First-year costs ass d with FEVAR.   

onsultant, March 2009).  Grafts
rice of the device.  Furthermore

urther cust
t of stents 

anufacturer ( ufa
the total cost, as per data from

he individual p

ociate

 Direct Co 6 CAD$) sts (200  Item f-EVAR cost per patient 

I ion Average cost $34,613 

F  admission $2,318 

  Tests and procedur  $1,372 

  ER visits $115 

  GP or FP visits $349 

  Specialist visits $272 

  alth care professional visits $755 

 Ave s er patient $39,794 

nitial hospitalizat

ollow-up medical costs Hospital s 

es

Other he

rage co t p

C n 2006 CAD$ from PATH report; Devices costs are current costs reported from manufacturer. 
 
Please note that there is an additional one-tim  for the advanced imaging software required to 
p rocedures of $150,000 for a v me of five licen  well as an annual support cost of 
$ r contrac ersonal communication, hospital in Toronto, May 2009). 
 

Expenditure by One Toronto Hospital  

P itals absorb the cost of f-EVA rocedures. Table 27 describes what one hospital in 
T R grafts f JRAs in the last fiscal year (2008/09). 
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s and their costs at one hospital in Toronto. Table 27.  Description of fenestrated graft

 Graft Description – FY 2008/09  Quantity Item Cost ($) 

AAA Balloon 1 445 

Iliac Leg Graft 1 2,400 

Covered Stent 2 2,550 

AAA Reinforced Fenestrated Device 1 19,000 

 Total   $24,395 

AAA Balloon 1 470 

Iliac Leg Graft 1 2,400 

Covered Stent 2 2,600 

AAA Reinforced Fenestrated Device 1 19,000 

 Total   $24,470 

AAA Balloon 1 470 

Covered Stent 2 2,600 

Iliac Bifurcation 1 7,500 

AAA Reinforced Fenestrated Device 1 19,500 

 Total   $30,070 

AAA Balloon 1 470 

Covered Stent 2 2,600 

Covered Stent 2 2,700 

AAA Reinforced Fenestrated Device 1 19,500 

 Total   $25,270 

AAA Balloon 1 470 

Covered Stent 1 2,600 

Covered Stent 1 2,775 

AAA Reinforced Fenestrated Device 1 19,500 

Total  $25,345 

 
 



Ontario EVAR Program 

 patches for AAA annually across 
rm Care, March 2009):  

 patches 

2. Hamilton – 125 patches 

rsity Health Network – 100 patches 

es Centre – 160 patches 

atients have to fit 
her this 

hospitals to fund f-EVAR procedures (personal communication, 
ch 2009).      

nsive than those previously used (personal communication, clinical 
2009). 

 require f-EVAR estimates of potential 
xisting Divisions of Vascular Surgery possessing 

 the procedure. (29) The survey asked each program to estimate the potential volume 
dures that could potentially be completed, provided funding was 

 on their current case mix.  The results of this survey suggest that approximately 635 cases 
. (29)  

 involve the juxtarenal aortic region. (5) Based on this incidence and the 

le for OSR, therefore, the number of 
t less than 116. 

 

aximum number of annual cases in Ontario is 116, the average estimated cost impact 
ce for f-EVAR is $2.83M-$3.49M annually.   

The Ministry of Health and Long-Term Care currently funds 550 EVAR
six hospitals (personal communication, Ministry of Health and Long-Te

1. Sudbury Regional Hospital – 35

3. Ottawa Hospital – 100 patches 

4. Unive

5. St. Michael’s Hospital – 20 patches 

6. London Health Scienc
 
The Ministry allocates $7.2M per year at $13,000 per device to hospitals.  Eligible p

he principal one being that they cannot withstand OSR.  It’s not known whetcertain criteria, t
funding is currently being used by 
Ministry of Health and Long-Term Care, Mar
 
It is important to note that most centers perform more EVAR cases than what they are budgeted for and 
the newer devices are more expe
consultant, March 
 

Estimate of the Number of f-EVAR Procedures in Ontario 

To determine the annual number of patients in Ontario that will
EVAR volume we

e ability to perform
re obtained by an informal survey of e

th
of elective and emergency EVAR proce
available based
of standard EVAR annually can be expected in Ontario
 
Of all AAA cases, 15.5%
estimate of annual EVAR cases in Ontario, it can be extrapolated that there will be a maximum of 116 
patients with JRA in the province. Some of these may be eligib
patients who will require f-EVAR is in fac
 

Ontario Cost Impact Analysis

Assuming the average cost range of f-EVAR procedures is $24,395 to $30,070, as per hospital data and 
assuming that the m
range to the provin
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Appendices 

Appendix 1 rature Search Strateg

Final Search – Fene AR 
 
Search date: December 19, 20
Databases searched: OVID MEDLINE, MEDLINE In-Process and Other Non-Indexe  EMBASE, Cochrane Library, 
INAHTA/CRD 
 
Search Strategy: 
------------------------------- ---------------------------------- 
1     exp Aortic Aneurysm
2     ((aorta or aortic or thoraco inal) adj2 aneurysm*).mp. [mp=title, original ti , name of substance word, 
subject heading word] (16
3     aaa.mp. [mp=title, original title, abstract, name of substance word, subject headin 4180) 
4     or/1-3 (18429) 
5     exp Blood Vessel Prosthesis/ (6072) 
6     exp Blood Vessel Prosthesis Implantation/ (9206) 
7     exp Stents/ (27821) 
8     exp Vascular Surgical Procedures/ (52901) 
9     (graft$ or implant* or hes* or EVAR or endograft*).mp. [mp=title title, abstra e of substance 
word, subject heading word] (278270) 
10     or/5-9 (304347) 
11     4 a  (8978) 
12     (fe at* or branch* or y or juxta?renal).mp. [mp= inal title, me of substance word, subject 
heading  (51500) 
13     12 (668) 
14     limit 13 to (engli  humans and yr="2003 - 2  (333) 
15     limit 14 to (case r ent or editorial or letter) (9
16     14 not 15 (235) 
 
Database: EMBASE <1980 to 2008 Week 50> 
Search Strategy: 
---------------------------------------- -------------------- 

p Aorta Aneurysm/
.mp. [mp=title, ab t gs, heading word, drug trade name, nal title, device manufacturer, drug 
cturer name] (4674
orta or aortic or thoraco i ane *).mp. [mp=title, abstra  headings, heading word, drug trade 
original title, devic rer, drug manufacturer name] (19526) 
1-3 (21339) 
p Stent/ or exp B  Vessel Graft/ (76841) 
p Blood Vessel Prosthesis/ (4031) 
p Blood Vessel Transplantation/ (44458)
p Endovascular / or exp Aneurys u / (13579) 
aft$ or implant*  o r graft*).mp. [mp=title bject headings, heading word, 
ade name, original title, device manufac ,  m facturer name] (44808
r/5-9 (455693) 
0 and 4 (9204) 
xp Fenestration/ (1414) 
enestrat* or branch  chimney or juxt =title, abstract, subject hea ord, drug trade name, 
l title, device manu drug manuf 0956) 
3 or 12 (80956) 
1 and 14 (554) 
mit 15 to (human and ish language a 009") (290) 
mit 16 to (editorial tter or note) (3) 
ase Report/ (10178
7 or 18 (1017868) 
6 not 19 (202) 

: L

strate

ite

d EV

y 

08 

----
694
?ab
 

d Citations, 

------
/ (15

192)

-----
) 
dom tle, a

g wo

bstract

rd] (

 stent* or prost , orig

stra

inal 

ct, na

ct, nam

nd 10
nestr
 word]
 and 11 

 chi

age
r c

mne

 and
omm

title, orig

009")
8) 

 ab

sh la
epo

ngu
rts o

--------------------
) 
bjec

dom
actu

1     ex
2     aaa
manufa
3     ((a
name, 
4     or/
5     ex
6     ex
7     ex
8     ex
9     (gr
drug tr
10     o
11     1
12     e
13     (f
origina
14     1
15     1
16     li
17     li
18     C
19     1
20     1

 (176
strac
) 

e ma

89
t, su

?ab
nuf

 headin

nal) adj2 

origi

ct, subjecturysm

rgery
AR o
drug

l).m
r na

="2

lood

Surgery
 or sten

 
m S
r EV

turer

a?re
actu

nd

t* or prosthes*  endo
anu

. [mp
e] (8

3 - 2

, abst
0) 

ract, su

* or
factu

na
re

 yr

p
m

00

dings, heading w
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Appendix 2: Grade of Evidence  

G ng Sys  radi tem

Population Outcome 
Number of 
studies Study Design 

Quality  
of Studies Con y Directn

Other Modifying 
sistenc ess Factors 

 H
v Low 

h
c

us li (-
erio

p
o y 

1)

n y
n y 

  RCT= 
Obser
 
Any ot
eviden

igh 
ational=

er 
e=Low 

Serio
Very s

mitation 
us (-2) 

1) Im
inc
 (-

ortant 
nsistenc
 

Some u
Major u

certaint
certaint

 (-1) 
(-2) 

Defined as* 

*=As Stron  
Dos  gradi
All plau nfoun  hav ed
Impreci arse
High pr  of r s (-1
 

DE 

sociation: 
e response

sible co
se or sp
obability

g (+1), very
ent (+1) 
ders would

 data (-1) 
eporting bia

strong (+2) 

e reduc

) 

 the effect (+1) 

GRA Table 

Number of Quality  Other Modifying 
Factors Population Outcome studies Study n  Desig of Studies Con y sistenc Directness 

Patient have 
aneury m, a
at high  surg
and are micall
unfit fo ard 

30-da  
morta

bse =Lo  ch No c hs who 
sm >5 c
 risk of
 anato
r stand

JRA 
nd are 
ery, 
y 

EVAR 

y & late
lity 

1  O rvational w No ange hange No c ange N/A 

 ase Low chan No c h 5  C series= No ge hange No c ange 
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